» PARTICULATE MATTER
A | Cardiopulmeonary Effects of Acute and Subehronic Exposure to
s | Concentrated Ambient Particulates in Healthy and Compromised Rats

William P. Watkinson!, Lindsay B. Wichers?, Julianne P. Nolan!, Janice A. Dye!, Urmila P. Kodavanti!, Kevin L. Dreher!, Leon C. Walsh!,
Edwin R. Lappi!, Darrell W. Winsett!, James Lehmann!, Dock Terrelll, and Daniel L. Costa!
IPTB; 2UNC SPH

METHODS

/248 A

SUBCHRONIC RESULTS ACUTE RESULTS

Whole-body Plethysmograph Data CONCLUSIONS
INTRODUCTION
Experimental Conditions: * heart rate, blood pressure, 5 <7 a :1600 Q —=— SAL-AIR . b SAL-AIR
. . _ . . animals: Spontaneously Hypertensive, core temperature, QA interval - —1‘2}23 ~ E —— MCT-AIR = —METAR AND IMPAC T
» Epidemiological studies have Fischer-344 or Sprague-Dawley rats * activity \ 'g E 1000 & S SAL-CAPs £ 15- ;AC'} C&P;
. . =16— 4 « body weight I | ‘ > = 3501 800 3 & ——MCT-CAPs & T MCT-CAPs
consistently demonstrated small L6 2Astad v 0= | Tl group . VRN (P 8 T ,
_ : «  experimental treatment: CAPs »  heart and lung weights | | VNP ] VW, ol e £ = s00- 90 7§ o Concentration F——  These studies underscore the
but significant correlations . exposure regimens: « ECG intervals/durations | ' W - 00 g : : .
: 1) 2-3 day/wk x 11 wk —arrhythmias | ' 200 3 o) inherent complexities of
between the levels of ambient : , ' ! R O onrol Doyt pay2 a3 Recoveny , ) .
2 1 daY/ Wk 11 Wk = Yy y Yy Yy T T T T T
. pulmonary function - T T T T T 9/09/02 9/10/02 9/11/02 9/12/02 9/13/02 COIldllCtll’lg dlSCI'ete, llmlted
partlculate matter (PM) and the 33 g—g ga}’§ Wlli s % Wﬁ «  BALF constituents A 9/09/02 9/10/02 9/11/02 9/12/02 9/13/02 Date toxicol udi )
.. . —> day/wk x 1 w : Date 0X1CO10 Studics usin
incidence of cardlopulmonary- . exposure: nose-only inhalation ’ ;eruén eI(llzlymesh' = — Capua environngi}eln tally S~ 8
o 10 0 . = . _ ° cart and lung nistopatnoiogy Changes in Minute Ventilation and Penh in a Rodent Model of Cardiopulmonary Disease Following Exposure to CAP -
I'elated IIlOI'b ldlty and IIlOI'tallty; sacrifice: 24 hours pOSt SXPOSRIC Effectgse:f nose-ontl; in‘ilatlatitn(l) exposuree to RTP C(?)A;ston (()a)en?inute vegglatio(t)l arg (b)sf)e:l?l o(; a(\)zvake% aduI;? sSprzgze-Davjley rats (n=24 rats, 6 rats/group). A subset of rats was injected .
. ' with monocrotaline and allowed to recover for 14 days prior to CAPs exposure. Respiratory parameters were monitored using a whole-body plethysmographic system (Buxco Electronics) eXpO surc prOtOC()lS 1m Order tO
th ese C OI‘I’Cl atl ons app ear t o b e Procedure: } E“?:‘;’é"_‘;'j gor 10 lgin/(llofcirzs 2(1.:8/25 TDl?tabslholx(;v? were ;Sllected one day pri(})lr tg 1:1;: first CAPs .exp.osulrle (Control) aEd ctc:nti?ued fpr clme dai,/1 po;t-ey(;posillre (Recox;lery).; }?APS c?)&)poiuggs .c(;cmlnrec.l 011 . f 1 1
. ) spmsiee eptember 10-12, . ¢ black line on Figure a represents the s concentration 1n the exposure chamber for animals on that day (as shown on the right y-axis). Individual anima
Stren gthened When llmlted tO ® implant radiotelemeters : ' - d.atl:)a were obtained at 10-s intervals but have b;gen averaged over a 10-min period. Data in the ﬁgufes are presented as group means + SE;};IO values were foundgto ‘ge significantly different in Verl y . . arge . scalc
" - . recovery period (10 d) cither figure. epidemiological studies
persons wi pre-existing . control period (3 d)
cardiopulmonary disease *  nose-only exposure * Furthermore, these studies
. i iopul . .
: . m‘zlmt‘.’r R . emphasize the importance of
 Numerous animal studies have endpoints BALF and Hematoloeic Data )
. <o | g companion Source
been conducted to elucidate these e | oo .. :
- 1.0x10°- \ 500~ oo characterization/apportionment
1ssues, however, most have a T , .
. : § acrophages 5 CProtein S > At Chame studies to the overall PM
employed high concentrations of g 590" [EINeutrophis E - | T 5 emaoisi Comtuens in s
fairly toxic particles g : ooy AR S Rt Mud o HeRIgEIell SR
° ° ° — CAPs/Air = o] o ardiopulmonar isea
M P Concentrated Ambient Particulate Studies - g 5010 ) = oo o Curdiopumonary | Diseae o
. . . . - H# 9 500+ x ¥ E Acute (24h post-exposure) effects ¢ Detel‘mlnathIl Of Small,
° Relatlvely little 1S known INVESTIGATOR | YEAR ANIMAL STRAIN/ EXPOSURE PRIMARY ENDPOINTS MOST IMPORTANT FINDINGS 2.5x10% * o 5p 3 of nose-only inhalation exposure to . .

. DISEASE MODEL DURATION ﬂ o Z  RTP CAPs on concentrations of consistent Changes 1n
regardlng the effeCtS Of lower Kodavanti 1997 Rat; SD 2 dx5 reps pulmonary inflammation 1 inflammation (3 of 5) 0.0x10 |_-r_| I_-r_l 0 |=| i |=| - Lo ?]g(;ilf,ll:‘())alve()l;;d lavill%:natolfcl);(i Cardi O ulmona functional
concentrations Of more bronchitis pulmonary injury 1 BALF protein SAL-AIR  MCT-AIR  SAL-CAPs MCT-CAPs SALAIR  MCT-AIR  SAL.CAPs  MCT-CAPS gonstime gs | 0 tawal_(;g i du16t p : I'y :

e . ’9 Gavett 1998 Mouse; Balb/cJ, Wild Type, 2 dx3 reps airway responsiveness WT: 1 BALF eosinophils r;:;lggrl;;pfw :ys]ﬁ,:et(n;f rafsa f;/as parameters 1n Compromlsed
enVerHmentally-releVant PM Mast Cell Deficient pulmonary inflammation MCD: small 1 BALF eosinophils injected with monocrotaline and o o
allergic asthma - 3. 500 c 1 Fibrinogen % 507 allowed to recover for 14 days prior I'OdCIltS may help ldentlfy
. ilmour at; 'Wkx5 w ulmonary inflammation macrophages, neutrophils 'S = Plasma ACE ACtMty - to CAPs exposure. Figure a shows . o ] ]
 The goal of these studies was to “ > Ee;;yD i guimonaz inﬁlry t ﬁ]ﬁigen plsges. neropt E% a0) T ~ £ a0 chang;sh gin Zoncertur;t}ilglns o spemﬁc biolo glca]]y_plausﬂ)le
. . i ] K K K . < —_ T [ - macropnages an.ne'uro 11S al . .
eXamlnC the CardlaC, pulmonarY, Gilmour 1999 ﬁ:ﬁshe;; CD1, C3H 3 dx6 reps guimonaz ;nﬂ:m.manon sporadic 1 infectivity : 6 i 3004 l T % i 30- hlr1 p(;st-e.xp(;suie? Flgzllrelbb SI.IOVYS mechanlsm/ S responSIble for the
ulmona: acteria o = o changes 1n ‘I'O €in and albumin n .
and thermore gulatory effects of Kodavanti 2000 | Rat; SH 2 diwkx1 wk BALF/blood biomarkers small 1 fibrinogen g E ~ 200- g E 20 S)gﬁfurgb;zl:i jtshitvshzhai(;; adverse effects observed 1n
. . systemic hypertension 2 d/wkx9 wks antioxidants E = in ﬁbriI;O en and plasma ACE . . . .
Concentrated Ambient Particulates — o0 Troon P E———— — s g_f e E iy datghm he pist.gxpos?re; epidemiological studies.
s systemic hypertension BALF/blood biomarkers g ;gl:i'ﬁ esveozvs aserum -rreacOI;/?
(CAPS) mn-a numbe.r of rodent Dye 2001 | Rat; SH, WKY 2 dx1 rep BALF/blood biomarkers age-related effects 0 SAL-AIR ~ MCT-AIR  SAL-CAPs MCT-CAPs 0 g"ptosure'l Al} datat ari‘;’relslemgd ‘:S
models Of C ardlopulmonary Aged antioxidants no CAPs potentiation of effects SAL-AIR MCT-AIR  SAL-CAPs  MCT-CAPs group means L SE, * denotes
o Kodavanti 2001 Rat; SH, WKY 2 dx9 reps BALF/blood biomarkers WKY: 1 neutrophils, | total cells i%llilﬁcalzlt dlffcelrence ﬁqm .fS.AL-
dlsease systemic hypertension antioxidants SH: 1 fibrinogen, | GGT di ffere?lI::e fer I\e/llg);ﬁiSAHS{.gnl teant
Costa 2002 Rat; SH 1 d/wkx11 wks cardiopulmonary function in progress
systemic hypertension BALF/blood biomarkers
Dreher 2002 Rat; SD 2-3 d/wkx11 wks cardiac function in progress
healthy
Dye 2002 Rat; SD 2 dx2 reps BALF/blood biomarkers small 1 neutrophils F U U D C O N S
antioxidant depleted antioxidants
t L celtl prolifetration T RE IRE TI
Kodavanti 2002 Rat; WKY 2 dx2 reps BALF/blood biomarkers small 1 neutrophils
entovidant depleted e i » To further investigate the effects and mechanisms of PM-induced toxicity using environmentally-relevant exposure scenarios,
Rogers 2002 | Rat 344 e inprogress we propose to develop, characterize, and test new animal models of susceptibility and/or cardiopulmonary disease.
pregnant reps etal morphology
Watkinson 2002 Rat; SH 2-3 dx9 wks cardiopulmonary function in progress . . . . . .
S AT — e These animals will be exposed to RTP CAPs and subjected to the full battery of experimental procedures available in our
Watkinson o erenson s ikt ardiopulmonary function i progress laboratories. Particular emphasis will be placed on developing and improving specific cardiovascular methodologies, such as
Watkinson 2002 | RatsSD 3dwiccd wk | cadiopulmonary funcion inprogres electrocardiographic interval and heart rate variability analyses, for application to rodent models, as well as improved statistical
pulmonary hypertension BAL/blood biomarkers . . . N . . .
techniques to better identify subtle differences in functional endpoints.

SOLVING AGENCY PROBLEMS



